Basic Biophysics or Neurobiology courses encounter problems when start-8 ing their practices due to the complexity and high cost of the equipment. As 9 a consequence, these experiences are replaced by simulation software, leading 10 students to boredom and disinterest, and finally to the lack of understanding 11 of the basic principles of the phenomenon observed. Classical nerve conduc-12 tion studies for the visualization of action potentials are an example of this, 13 being able to be developed with simple and low-cost amplification circuits, 14 as described in this article. The system showed stability, expected ampli-15 fication and high signal-to-noise ratio. The action potential of the medial 16 giant fiber (MGF) as lateral giant fiber (LGF) in the ventral nerve cord of 17 the earthworms Lumbricus terrestris was recorded. The experimental system 18 has met expectations and regains practical, effective and stimulating learning 19 for students. 20 potentials (AP) [1]. Because most of the nerve fibers are extremely small, AP 27 records were initially performed on giant squid axons (Loligo forbesi), but ob-28 taining them is difficult because of their geographic and seasonal availability, 29 leading to the search for other animals with the same feature. 30 In general, invertebrates, such as earthworms, have larger nerve cords 31 than other taxonomic groups, facilitating conduction studies in the nervous 32 system,[2],[3]. These one have a ventral nerve cord large enough to be used 33 in classical electrophysiology studies [2],[4],[5],[6],[7],[8],[9]. 34 On the other hand, most AP records published are made with high-cost 35 amplification equipment, making it difficult to access these types of practical 36 studies by replacing them with virtual experiments through software, causing 37 students to feel bored and disinterested in difficult to learn. Nowadays it is 38 possible to find electronic components of low cost for the implementation of 39 this type of amplifier. Traditional action potential recording systems require 40 basic electronic equipment such as an oscilloscope, a stimulator (eg grass 41 stimulator), an amplifier, a low-pass filter, and a data acquisition system. 42 Also, we need a suction electrode and a micro-manipulator. All of this high-43 cost equipment except the suction electrode. 44 Recent efforts by some authors [8],[7], in the earthworm AP record, used 45 relatively inexpensive equipment with invasive or non-invasive systems and 46 with or without electrical stimulation, obtaining records without good res-47 olution and with associated noise. The complete setup configuration is im-48 portant for good records and it is difficult to dispense equipment such as 49 oscilloscope or acquisition systems with an adequate sampling rate.
Introduction

23
In the study in classical neurophysiology of neural conduction mecha-24 nisms, must pass by the reading of the works carried out by Hodgkin-Huxley. 25 soil and minced banana. To dissect the ventral nerve cord the earthworm 61 was anesthetized in 10% alcohol for 6 minutes, washed with water to remove 62 alcohol residue and placed in a petri dish filled with hardened silicone. The 63 worm was placed on the petri dish with the dorsal side up and pinned to 2/3 64 of the cephalic part. Using a low-cost common magnifying glass to amplify 65 the tissue, the dorsal part was cut with scissors being careful not to damage 66 the intestine and nerves and it was fixed with pins, exposing the digestive 67 system which was removed with tweezers to expose the ventral nerve cord. 68 Saline solution for earthworm [11] consisting of NaCl (6 g/L), KCl (0.12 g/L) 69 CaCl 2 (0.2 g/L) and NaHCO 3 (0.1 g/L) was added to wipe scraps of tissue 70 and keep saline medium. The nerve was cut at the bottom with scissors and 71 separated from the tissues by the tip of a suction electrode.
72
The loose nerve was suctioned with a glass suction electrode consisting 73 of an internal Ag/AgCl electrode and an Ag/AgCl outer coiled to the 1 ml 74 pipette tip, attached to a 30 cm tube and a 5 mL syringe similar to described 75 by Johnson et al., (2007) . To chloridizing the silver wire it was placed in 76 a 5% solution of sodium hypochlorite overnight. This suction electrode is 77 attached to a low-cost manipulation system consisting of articulated metal 78 bars and not to a micro-manipulator as commonly used and connected to 79 the amplifier as described in the following section. The stimulus electrodes 80 were connected in the cephalic part of the earthworm with two electrodes the 81 anode (+) closest to the head and the cathode (-) following it (see Fig.1 ).
82
The preparation was earthed between the first pair of stimulus electrodes and 83 the nerve cord. The action potentials were amplified and visualized using a 84 Tektronix TBS 1072B digital oscilloscope. The computer was running on 85 battery power to reduce electrical noise. The experiments were carried out 86 at an ambient temperature of 28 • C. To determine the conduction velocity 87 (CV) the following equation was used:
Where d is the distance between the stimulation electrodes and the suc-89 tion electrode (5 cm approx.) and latency, which is the time between the 90 stimulus and the first deflection from baseline. 2.2 Electronic circuit, stimulus system and data acquisition.
To amplify the voltage of action potential was made a circuit consisting 94 of two followers amplifier connected at the input of a differential amplifier 95 (INA128P) and an offset regulator made with an amplifier type TL071CN 96 and two 9 volt batteries that also serve to power the circuit (Fig.2 ). This off- Table 1 shows the components used to mount the amplifier and the ap-111 proximate cost for each of them.
112 Table 1 113
The gain of the amplifier used was 99 and 1065 times calculated as:
Where Rg is the external resistance to be modified with 511 ohms and 47 115 ohms to have the gains described.
116
The signal-to-noise ratio was calculated as:
Where A signal and A noise are the RMS (root mean square) for each re-118 spectively.
119
The amplification system and the data acquisition hardware were placed 120 inside a Faraday cage connected to the ground to avoid noise. The amplification circuit was assembled as described in materials and 136 methods. This showed stability in response and high signal to noise ratio of 137 25 dB avoiding the use of a filter for the purpose under study. The total cost 138 of the amplification system was approximately US$ 25 (see Table 1 ), having The proposed system considerably reduced the cost of amplification didn't 150 use filters but didn't escape the use of high-cost systems such as oscilloscope 151 and data acquisition system. The stimulation system has been simplified 152 using the same acquisition system but this stimulus can also be generated The work in the educational context resumes an experimental perspec-207 tive that is losing itself every day with access to information internet way.
208
The student wants quick answers through the use of sources and programs Therefore, practices such as these help in teaching-learning, leading to not 216 only undergraduate courses but primary and secondary schools, stimulating 217 students curiosity about basic processes in neurophysiology. 
